S taphylococcus aureus is the most commonly cultured organism in hand infections [1] [2] [3] [4] [5] [6] . Traditional management of acute hand abscesses has been incision and drainage followed by a regimen of beta-lactam antibiotics such as methicillin, nafcillin, or cephalosporins 1, 2 . However, shortly following the introduction of methicillin in the 1960s, emerging strains of methicillin-resistant Staphylococcus aureus (MRSA) were reported as first occurring in the nosocomial setting and more recently in the community setting [3] [4] [5] [6] [7] [8] [9] [10] . As MRSA has been more closely monitored, studies have noted associations with increased treatment failures, inpatient lengths of stay, and healthcare costs 4, 7, 8, 11, 12 . However, a few recent reports have suggested that treatment failures, costs, and lengths of stay may be equivalent to non-MRSA infections if an appropriate empiric antibiotic is selected 4, 6 . As a result of multiple reports showing a greater prevalence of MRSA in urban settings, the Centers for Disease Control and Prevention have recommended against selecting a Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. One or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.
given empiric antibiotic if the local resistance is greater than 10% to 15%, and many institutions have now subsequently excluded beta-lactams from empiric treatment 4, 13, 14 . However, the efficacy of contemporary empiric drug selections is not known, and the possibility of growing multidrug resistance exists, as alternative antibiotics are becoming more commonly selected to cover MRSA. The purposes of this study are to determine if multidrug resistance in MRSA is emerging and to provide current evidence that clinicians can reference for empiric inpatient or outpatient treatment of hand infections.
Materials and Methods
A retrospective study was performed at an urban academic medical center over an eight-year period from January 1, 2005, through December 31, 2012. After approval was obtained from the institutional review board, all hand infection cases encountered by the emergency room, outpatient office, or inpatient wards were reviewed. We identified subjects by searching International Classification of Diseases, Ninth Revision, codes relevant to hand infections, including codes 681.00, 681.01, 681.02, 682.4, 727.05, 727.9, 883.00, 883.1, 882.01, and 882.00 (cellulitis, abscess, tenosynovitis, and open wounds of the fingers and hands) but only analyzed those subjects between the ages of eighteen and eighty-nine years with a culture-positive hand abscess. Demographic and laboratory data were collected from medical records. Patients with multiple culture results in the same admission were also identified so that the same organism was not counted twice. Infections were considered nosocomial if records indicated a history of a surgical procedure, dialysis treatments, catheterizations, hospitalization, or nursing home stays within a year prior to admission.
We calculated the annual frequencies of culture-positive infections for the three most common isolates (MRSA, methicillin-sensitive Staphylococcus aureus [MSSA] , and Streptococcus pyogenes) and polymicrobial infections. A polymicrobial infection was defined as an infection in which more than one organism was identified; these were not considered mutually exclusive with the frequencies of other organisms. MRSA infections were then further analyzed for their antibiotic sensitivity profiles. Isolates were assessed for yearly resistance rates to ampicillin, oxacillin, penicillin, clindamycin, erythromycin, levofloxacin, moxifloxacin, trimethoprim-sulfamethoxazole, tetracycline, gentamicin, rifampin, daptomycin, vancomycin, and linezolid. We also performed a post hoc calculation for MSSA resistance to clindamycin and levofloxacin.
Statistical Analysis
Continuous variables were assessed with a linear regression model. Percentages of categorical variables and drug resistances were assessed for a significant increasing or decreasing trend with the Cochrane-Armitage trend test. Significance was defined as p < 0.05.
Source of Funding
No external source of funding was used for this study.
Results

Overall Demographic Characteristics
A total of 683 culture-positive hand infections were identified over the ninety-six-month collection period. The average patient age was 41.4 years, and 56% were male; the average white blood cell count was 10.8 · 10 3 /mL. The most common etiologies for cases were trauma (75%) and intravenous drug use (21%); bite wounds were causative in 3% of cases. The average annual frequency of comorbidities was consistent over the study period for patients with diabetes (14.6% [range, 12.6% to 28.6%] of the population) and for patients who were positive for the human immunodeficiency virus (3.3% [range, 0% to 5.7%] of the population). However, intravenous drug users represented a larger percentage of people with culture-positive hand infections over the time span of the study: 13.8% in 2005 and 37.2% in 2012 (p < 0.01). Patients with a history of cancer or nursing home residence were each noted in approximately 2% of all hand infections. MRSA infections were considered to be community acquired in 76% of cases and nosocomial in 24% of cases.
Organisms Grown on Culture per Annum Overall, MRSA was the organism most commonly grown on culture, followed by MSSA and then Group A Streptococcus. A variety of organisms were found in lesser frequencies (Table I) . MRSA was also the most common pathogen identified during The annual percentages of MRSA, MSSA, polymicrobial organisms, and Streptococcus pyogenes grown on culture from specimens from acute hand infections. 
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time. Intravenous drug abusers and people without comorbidities who had hand infections showed increases in polymicrobial infections over time (p < 0.01). Intravenous drug users had polymicrobial organisms that grew on culture in 8% of cases in 2005, and this percentage increased to 35% of cases in 2010 and declined to 20% of cases in 2012.
Staphylococcus aureus Antibiotic Sensitivity Profiles per Annum MRSA resistance to clindamycin significantly increased over the eight-year period (p = 0.02); the three highest percentages were found from 2010 to 2012 as resistance approached 20% (Table II) . MSSA resistance to clindamycin did not increase significantly over the study period but was present in 11% of culture specimens overall (range, 8% to 12% per year). MRSA resistance to levofloxacin linearly increased over eight years from 12% to 50% (p < 0.01). MSSA resistance to levofloxacin did not significantly increase (p = 0.68) over the study period but was present in 12% of culture specimens overall (range, 9% to 17% per year). Over the eight years studied, MRSA was uniformly resistant to ampicillin, oxacillin, and penicillin G; erythromycin resistance was also common and ranged from 85% to 100% per year. MRSA was only sporadically resistant to tetracycline, moxifloxacin, trimethoprim-sulfamethoxazole, and gentamicin. No resistance was observed for rifampin, vancomycin, linezolid, or daptomycin.
Discussion
M
RSA has gained attention in the literature and in popular media as a growing concern, especially in urban environments, as several reports have estimated a high proportion in hand abscesses ranging from 34% to 73% 4, [12] [13] [14] [15] [16] [17] [18] . Our results agree with prior studies and indicate that MRSA may be found in approximately half of all hand infections in urban communities in recent years. Moreover, increased costs, failures in treatment, and increased mortality have also been associated with MRSA in endemic regions 4, [6] [7] [8] [9] 11, 12 ; however, multiple studies from our institution have shown that equivalent lengths of hospital stay to non-MRSA infections can be achieved if appropriate empiric antibiotic coverage is selected 4, 6 . As MRSA continues to predominate in urban communities, we sought to further characterize its antibiotic sensitivities to optimize the empiric treatment regimen, to reduce treatment delays, and to improve cost containment associated with hand infections.
MRSA grown on culture from specimens from hand infections was increasingly resistant to clindamycin and levofloxacin over the eight-year period, and the sensitivity to other antibiotics did not appear to change. In recent years, MRSA resistance to clindamycin has approached 20% at our center. Although not directly answered by the present study, we suspect that the increased use of clindamycin to treat MRSA may be contributory. In 2005, we adopted a hand infection algorithm to improve the coverage of MRSA, which largely excluded beta-lactams from empiric treatment of hand infections 4, 8 . Therapeutics such as vancomycin, clindamycin, and trimethoprim-sulfamethoxazole were used with a much greater frequency, and, in particular, clindamycin was the most commonly prescribed initial antibiotic for hand infections, representing 40% to 50% of the empiric selections from 2005 to 2007.
In addition, levofloxacin resistance linearly increased over the past eight years in our study. A report by MacDougall et al. noted a significant association between emerging MRSA infections and quinolone prescriptions in a cross-sectional study of seventeen regional U.S. hospitals; the authors suggested that quinolones may be driving a selection process for MRSA, but their conclusions were limited in that the MRSA resistance to 
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quinolones was not known 19 . Although levofloxacin is not commonly prescribed for hand infections, some reputable sources suggest ''fluoroquinolones'' as an alternative to penicillin-based drugs in the presence of an allergy 20 . Our results suggest that levofloxacin would not be a wise choice in this class, but moxifloxacin appeared to be an effective quinolone with only sporadic cases of resistance observed in this series.
Despite the narrowing of antibiotic choices, MRSA infections still remain consistently sensitive to a number of therapeutics. Tetracycline, gentamicin, moxifloxacin, and trimethoprim-sulfamethoxazole were resistant in only a few cases in our study, and no resistance was observed for vancomycin, daptomycin, linezolid, and rifampin. Vancomycin intermediate resistance in Staphylococcus aureus has been sparsely reported in the literature, but, to the best of our knowledge, no cases of vancomycin-resistant MRSA have occurred in hand infections 8 . Despite frequent use, vancomycin still remains an effective first-line agent for the empiric treatment for hand infections.
The present study had several limitations. The retrospective design limited the patients whom we were able to identify. Additionally, our local prevalence of MRSA may be dissimilar to non-urban medical centers, and our results may not be generalized to other regions. Further, the number of polymicrobial infections may have been overestimated, as some culture specimens were obtained in a non-sterile environment. We were not able to accurately retrieve the number of culture specimens obtained by bedside procedures; however, we routinely attempt to reduce contamination during bedside procedures with sterile draping and chlorhexidine-alcohol skin preparation prior to incision.
Infections caused by MRSA have a substantial presence, especially in urban areas 21 . In our region, MRSA was found in nearly half of all hand infections, and those isolates became increasingly resistant to clindamycin and levofloxacin over the study period. As a result, we would not recommend these drugs as empiric antibiotics to clinicians who practice in endemic areas with a significant prevalence of MRSA. The Centers for Disease Control and Prevention do not recommend antibiotics for empiric therapy that have a regional resistance that exceeds 10% (Fig. 2) 
22
. However, other therapeutics such as vancomycin, tetracycline, moxifloxacin, and trimethoprim-sulfamethoxazole still appear to have potent activity against MRSA. Organisms that grew on culture from specimens from polymicrobial infections were often sensitive to most antibiotics, and we would not recommend empiric treatment for anaerobic or gram-negative bacteria unless specific situations such as bite wounds, aquatic injuries, or severe infections warranted such coverage. In this series, infections caused by bite wounds were generally susceptible to beta-lactam antibiotics, which may be selected in an empiric management protocol under these circumstances. Finally, we would encourage future studies evaluating the efficacy of common empiric antibiotics in other soft-tissue and joint infections of the extremities with interval monitoring to ensure relevant and current management recommendations. n 
